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Microbial Production of Vitamin,C Froih D> SorbitoL L-Sorbose, L-SoAosone or L- 

The present invention relates to the nxicrobial production of L-asborbic acid (vitamin C)« 

] k \ 
Vitamin Cj which is one of very important and indispensable nutident factors for human 

5 beings^ hai&' heretofore been commercially produced by the so-called ""Reichstein method^y 
which is weU known as a technologically established process. This method, however> com- 
prises a number of complete steps and any improvement in the overall yield Is difficult to 
achieve. Therefore, there have been a number of proposals, which contemplate a reduc- 
tion in the number of steps and/or an improvement in the overaA yidd. 

! * t * 

I ' ** * 

10 Biosynthetic approaches for vitamin C production from D-glucose by cultivating plant 

» \ 
tissues* algae, or yeast, which have key en2:ymes catalyzing L-galactono-y-lactone or 

: ! I 
L^-gulono-Y-lactone to vitamin C and the like are already known \n the art Moreover, the 

ensymatic reaction that catalyzes the oxidation of L-sorbosone to vitamin C is laiown. 

D-glucosone and L-sorbosone appear.to be putative intermediates of vitamin C biosyn- 

15 thesis in deuched bean and spinach leaves! ' 

However, there have been no reports that bacteria produce vitamin C direcdy from any 
' one of D-sorbitol, L-sorbose, L-sorbosone; or L-gulose* \ 

The present invention provides a propesfi for the production of yitamin C from D-sorbitol, 
L-sorbose, L-$orbosone or L-gulose by bacteria, e.g. a microorganism selected from the 
20 strain Gluconobacter oxydans DSM 4025 (PERM BP-3812), a microorganism belonging to 
the %enyxs' Gluconobacter and having identifying characteristics of G. oxydans DSM 4025 
(FERM BP-3812) and mutants thereof. * | 

Hei/fin; 27.09.2002 f ' 
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More paxticiilaTly the present invention provides a process for di6;production of vitamin C 
which process comprises culturing a. microorganism selected fronl the stram G. oxydam . 
DSM 4025 (PERM BP-3812), a microorganism belonging to the genus Gluconobactermd 
having identifying characteristics of G. oxydans DSM 4025 (FER^i BP-3812) and mutants 
5 thereof* in an aqueoxis nutrient medium containing D-sorbitol, I^sorbose, L-sorbosone or 
L-gulose, and isolating and purifying vitamin C from the fermentation medium. 

z i 

The present invention also provides a procelss for the production of vitamin C from D-sor- 
bitol, L-sorbose, L-soxbosone or L-gul6se which process comprises contacting a micro- 
organism selected from the strain G oxydans DSM 4025 (PERM BP-3812), a micro- 
10 organism belonging to the genus Gluconobacter and having identifying characteristics of G 
oxydans DSM 4025 (PERM BP-3812) and mutants thereof with Dj-sorbitol, L-sorbose, 
L-sorbosorie or L*gulose in a reaction mixtHre and isolating and purifying vitamin C from 
the reaction mixture. 1 i 

^ : 1 
G. oxydans DSM 4025 was deposited at the Deutsche Sammlung yon Mikroorganismen 

15 * and Zelllculturen (DSMZ) in Gdttingen (Germany), based on thejstipulations of the Buda* 
pest Treaty, under DSM No. 4025 on March 17, 1987. The depositor was The Oriental 
Scientific Instruments Import and Export Corporation for Institute of Microbiology, Aca- 
demia Sinica, 52 San-Li-He Rd., Beijing, Peoples Republic of China, The effective deposi- 
tor was said Institute> of which the full|addres$ is The Institute of Microbiology, Academy 

20 of Sciences of China, Haidian, Zhongguancun, Beijing 100080, People's Republic of China. 

Moreover, a subculture of the strain has also been deposited at die National Institute of 
Advanced Industrial Science and Technology (AIST), Tsukuba Central 6, l.-l-l Higashi, 
Tsukuba, Ibaraki 305-8566, Japan, also.based on the stipulations ^f the Budapest Treaty, 
under the deposit No. PERM BP-3812 pn March 30, 1992. The depositor is Nippon Roche 
25 K.I!1, 6-1, Shiba 2-chome, Minato-ku, Tokyo 105-8532 Japan. Tliis subculture may also be 
used in the present invention. : \ 
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Mutants of G. oocydans DSM 4025 (PERM BP-3812) or a microorganism belonging to the 
genus Gluconobacter and having identifying characteristics of G. oxydans DSM 4025 
(PERM BP-3812) may be obtained by treating the cells by means bf, for instance, ultra-- 
30 violet or X^ray irradiation, or a chemical mutagen such as nitrogen mustard or N-methyl- 
n^-nitro-N-nitrosoguanidine. \ 

Any type of microorganism may be used, for instance* resting cells, acetone treated cdls, 
lyophilized cells, immobilized cells and the like to act directly on the substrate. Any means 

X I 
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per se known as a method in connection wifh the incubation techhique for micro- . 
organisms maybe adopted through the use of aeration and agitated submerged fermenters 
is particulafly preferred. The preferred cell concentration range fi>r caixying- out the reac- 
tion is from about 0.01 g of wet cdl weight per ml to OJ g of wet cell per ml, preferably 
from 0,03 g ofwet cell per ml to 0.5 gofwet cell per ml. J , 

i • : i 

The cultivation may be conducted at a pH of 4.0 to 9.0, wherein alpH value of about 5.0 to 
8.0 may preferably be maintained. The cultivation period varies 4epending on the pH, 
temperature and nutrient medium to be used, and is preferably a^out 1 to 5 days, most 
preferably about 1 to 3 days. The preferred temperature range for'. carrying out the cultiva- 
tion is froni about 13°C to about 36°0» preferably from l8fC to S^S'^C. A preferred result 
may be obtainable from an incubation which utilizes a liquid broih medium.' 

: : I \ 

As the nutrient medium for the incuba(tion of the microorganismlany aqueous nutrient 
medium including a carbon source, a nitrogen source, other inorganic salts, small 
amounts of other nutrients and the lik^, which can be utilized by the microorganism may * ' 
15 be used. Various nutrient materials wiiich are generally used for the better growth of 

microorganisms may suitably be included iii the medium. \ 

' \ t ' 

It is usually required that the culture inedium contains such nutrients as assimilable car- 
bon sources, for example glycerol, D-iftannitol, erythritol, ribitol|xylitol, arabitol, inositol, 
dulcitol, D-ribose, D-fructose, D-glucose and sucrose in additions to the carbon sources 
20 converted to vitamin Q and digestible-nitrogen sources such as organic substances, for 
example, pisptone, yeast extract, baker's yeast, urea, amino acids and corn steep liquor. 
Various inorganic substances may also be used as nitrogen sources, for example nitrates 
and ammonium salts. Furthermore, the culture medium usually contains inorganic salts, 
I for example magnesiiun sulfrtte, potassium iphosphate and calduin carbonate. 

25 For the advantageous performance of the incubation, any suitabl^ feictor which can pro- 
mote the formation of the end product may be added to the medium. 

' f i 
Although t\ie concentration of D-sorbitol, L-sotbose, L-sorbosoxie or L-gulose may also be 

varied with the cultivation conditions; a concentration of about 2 to 120 g/L is generally 
applicable, and wherein a concentration of 4 to 100 g/L is preferred* 

* ' 1 
30 The vitamin C thus produced and accumulated in the medium or reaction mixture may be 

separated and purified by any per se known conventional means Jwhich suitably utilized 

the property of the product, and it may be separated as the free atid or as a salt of sodium, 

potassium, calcium, ammonium or the like 

. ( 
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Specincall^r, the separation maybe performled by any suitable combination or repetition of 
the following steps: by the formation of a s^lt, by using differences in properties between 
the product and the surrounding impurities^ such as solubility, atssorbability and distribu- 
tion coefficient between the solvents, by absorption, for examplejon ion exchange resin. 
Any of these procedures alone or in combination constitutes a convenient means for 
isolating the product. The product thus obtained may further be purified in a 
conventional manner, e.g* by recrystallizatipn or chromatography. 



The identification of the vitamin C obtained by the method of this invention may be per- 
\ formed by^ for instance, elemental anlysis as well as measurement of physicochemical pro- 

* * ' i 

\ 10 perties suc]i as spectrum of infrared absorption, mass spectrum, NMR and the like. 

: ! : * ^5 - I . . 

According]to the present invention, the improvement in terms of the reduction in the 
number of steps is very significant because it leads to a one step pathway directed to the 
production of the vitamin C from any^one bf substrates D-sorbitpl, L-sorbose, L-sor- 

bosone or L-gulose« 1 \ 

I 
1 

15 In the following Examples, the process of the present invention wiU be illustrated in more 
detail 1 . ; is j . 

• • . < . { 

Eicamplel: Conversionof D-sorbitol to vitamin C t 

One loopful of G. oyq^dans DSM 4025 (PERM BP-3812) grown on the agar medium con- 
taining 5.0 % D-mannitol, 0.25 % MgS04'7H20> 1.75 % corn steep liquor, 5,0 % baker's 

« r * 

20 yeast, 0,5 % urea, 0.5 % CaCOa and 2.0 % agar, which was cultivated at 27^C for 4 days, 
was inoculkted into 5 ml of seed culture medium containing 8% D-sorbitol, 5 % baker's 
yeast, 0.05-% glycerol, 0.25 % MgSO^'THjO, 1.75 % corn steep liquor, 0.5 % urea, 1.5 % 

i CaCOa and one drop of antifoam in test tube, and then cultivated at 30**C with 240 rpm 

for 20 hours on a reciprocal shaker. • : | 

■ 25 Three ml of the seed culture were transferred into 500 ml Erlennieyer flasks containing 
50 ml of the production medium containing 8.0 % D-sorbitol, 5 % baker's yeast, 0.05 % 
glycerol, 0.25 % MgS04»7H20, 3.0 % com steep Uquor, 1.5 % CajCOa and 0,15 % anti- 

\ foam. The cultivation was carried out at 30°C with 180 rpm for 45 hours on a rotary 

shaker. Then, the concentration of vitamin C produced was measured by HPLC at a 
30 wavelength of 264 nm with the system* which was composed of a UV detector (TOSOH 
UV8000; TOSOH Co., Kyobashi 3-2-4, Chuo-ku, Tokyo, Japan) j a dualpump (TOSOH 
CCP^ TOSOH Co,), an integrator (Shimadzu C-R6A; Shimadzxl Co., Kuwahara-cho 1, 
Nishinokyo, Chukyo-ku, Kyoto, Japan) and a column (YMC-Pack polyamine II; YMC, 

« * • 3 

I . ' * 

: • ■ ' . i 
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Inc., 3233 Burnt Mill Drive Wilitnington, NC 28403, USA), As a Vesult, 118.1. mg/L of 
vitamin C was produced. | 



Example 2: Conversion of L-sorbose to yitamin C 



t ! 

i 



One loopful of G. oscydam DSM 4025 (PERM BP-3812) grown on the agar medium con- 
taining 5,0!% D-mannitol, 0^5 % MgSO^'WiO, 1.75 % com steep liquor* 5.0 % baker's 
yeast, 0.5 % urea, 0.5 % CaCOa and 2.0 % agar, which was cultivated at 27®C for 4 days, 
•WAS inoculated into 5 ml of seed culture m^ium containing 8 %'L-sorbose,.5 % baker's 
yeast, 0.05 % glycerol, 0.25 % MgS04"7H20, 1.75 % corn steep liquor, 0.5 % urea. 13 % 
CaCOs and one drop of antifoam in test tube, and then cultivate^ at SCC with 240 rpm 
for 20 hours on a reciprocal shalcer. } • . | 

Three nil of the seed culture were transferred into 500 ml Erlenmjeyer flasks containing 50 
ml of the production medium containing 8:0 % L-sorbose, 5 % b^er's yeast, 0.05 % 
glycerol, 0.2 5% MgS04-7H20, 3.0 % com ^eep liquor, 1.5 % Ca^Os and 0.15 % anti- 
foam. The' cultivation was carried out.at 30*^C with 180 rpm for 20 hours on a rotary 



15 shaker. As a result, 407.1 mg/L of vitamin € was produced 



Example 3: Production of vitamin C fro'm D-sotbitol, L-sorbqse, L-sorbosone and • 

; gulose with resting cell 'system i 

. . .... I 

G. oxydansfiSM 4025 (PERM BP-3812) was cultivated on the agar medium consisting of 
• 8.0 % L-sorbose, 0.25 % MgS04*7H20, 1.75 % com steep liquor.>5.0 % baker's yeasti 0.5 % 

20 urea, 0.5 % CaCOa and 2.0 % agar at 27°C for 4 days. The cells of G. oxydans DSM 4025 
(PERM BP-3812) grown on the above medium were transferred \pXo 50 mM potassium 
phosphate buffer (pH 7-0) and washed twiie with the same buffer. The optical density of 
the cell suspension at 600 nm was 21 .9^ It contained 0.057 g of wet cell weight per ml. 
The reaction mixture (5 ml in test tube) contained the cell suspension and 8 % D-sorbitol, 

25 8 % L-sorbose, 0.5 % L-sorbosone or i % L^gulose in 50 mM potassium phosphate buffer 
(pH 7.0)- The reaction was started by the ihoculationi^f cell suspWion and carried out at 
SO^'C and with 180 rpm on a reciprocal shaken The vitamin C content was measured at 
the reaction time of 4, 20 and 24 hours \>rith HPLC. Table 1 shows the quantity of ^tamin 
C produce!! from each substrate by G. oxydans DSM 4025 (PERM BP-3812). * 
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Table l:Vitamin C production from D-sorbitol, L-$orbose, L-sorbosone or L-gulose 



Substrate 


, Vitamin C produced [mg/L] 


4'^hour: 


20*houi- 


24* hour 


8% D-Sorbitol 


0,0 ; 


62.3 f 


903 


8% L-Sorbose 


636.1 , 


908.0 5 


874.3 


0.5% L-jSorbosone 


1,365.0 


1,117.0:: 


1,044.0 


1% L-Gulose 


488.8 ; 


1,355.05 


1,673.0 


None 


0.0 . 


0.0 I 


0.0 
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Claims 



1. A process for tibe production of vitamin C from D-sorbitol, L-5orbose> L-sorbosone or 
L-gulose by cultuxing a microDrganisixi selected from the strain Qluamohacter apg^dans 
DSM 4025: (PERM BP-3812), a microorganism belonging to the genus Ctuconobactir^nd 
having identifying characteristics of G; oxytiam DSM 4025 (FERI^ BP-3812) and mutants 
thereof, in an aqueous nutrient medium containing D-sorbitol, I>sorbose« L-sorbosone or 
L-gulose, and isolating and purifying vitamin C from the fermentation medium. 

' : • • ? • 

2. The process according to claim 1> wherein the culturing is carried but at pH values of 

about 4.0 to 9.0 and in a temperature range from about 13**C to iei'Q for 1 to 5 days. 

3. The process according to daim 1 or:2» wherein the culturing isjcarried out at pH values 



of about 5.0 to 8.0 and at a temperature range from about 18 to 33^C for 1 to 3 days; ' . 

4. A method for producing vitamin C from D-sorbitol, L-sorbose, L-sorbosone or L-gulose 
which comprises contacting a microorganism selected from the strain Gluconobdcter » 
oocydans DSM 4025 (PERM BP-3812), a microorganism belonging to the genus 

15 Gluconobacter and having identifying characteristics of G. oxydaiis DSM 4025 (PERM BP- 
. 3812) and mutants thereof with D-sorbitol; L-sorbose, L-sorbo$o|ne or L-gulose in a 
reaction mixture and isolating and purifying vitamin C from the reaction mixture. 

J 

5. The process according to claim 4, wherein the reaction is carried out at pH values of 

about 4.0 tp 9.0 and at a temperature rang from about 13*^0 to 36^C for 1 to 48 hours. 

• . ' * * • 

20 6. The process according to claim 4 or 5» wherein the reaction is carried out at pH values of 
about 5.0 to 8.0 and at a temperature range firom about IS^'C to 33^C for 1 to 24 hours. 
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